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ABSTRACT 
Sunflowers (Helianthus annuus L.) are an important worldwide crop for food, 
feed and oil. Hybrid sunflower accounts for the majority of crop hectares occupied by 
sunflower. Its seed production relies solely on the movement of pollen by insects to cross 
pollinate and fertilize the male-sterile female parent. Managed hives of honey bees (Apis 
mellifera) are placed adjacent to hybrid sunflower seed production fields to carry out the 
pollination activities. Problems with poor seed set and low yields arise when a parental 
inbred line is not attractive to bee pollinators. This study characterizes inbred 
attractiveness to bees, the impact of floret lengths, and examines the relationship between 
the two. In 2019, 79 male fertile inbreds and 59 male sterile inbreds were planted in a 
small plot research study at the Corteva™ Agriscience location in Woodland, California, 
USA. Bee visits to each genotype were recorded during the bloom period. Floret lengths 
were measured from each genotype using photometry methods. Regression analysis was 
used to examine the relationship between floret length and bee visitation rates. Bee 
visitation rates are used to measure the attractiveness of a genotype to bees. The objective 
of this study was to examine the relationships between sunflower floret length and the 
visitation rates of pollinators and determine whether floret length could be used to predict 
pollinator attractiveness.  
Bee visitation rates were significantly affected by floret length (p-value = 0.0049), 
genotype (p-value = 1.092e-13) and observation date (p-value = 1.697e-10). A general 
linear mixed model was constructed and predicted mean values for bee visits for each 
genotype were generated. Least squares mean values were generated for each genotype 
for floret length. Regression of bee visitation rates onto floret lengths reveals little 
vii 
correlation between the two factors, R2 = 0.025. Correlation slightly improves for male 
sterile genotypes alone R2 = 0.058 but declines for male fertile genotypes alone R2 = 
0.002. These results suggest that for the group of inbreds studied, floret length is not a 
good predictor of pollinator attractiveness. Future studies will focus on different 
pollinator survey methods and other floral traits such as visual cues and nectar traits to 
characterize pollinator attractiveness. 
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INTRODUCTION 
Sunflower as a Crop 
Sunflowers and other members of the genus Helianthus are native to North America 
and were domesticated thousands of years ago by Native Americans. Sunflowers have 
mainly been bred to serve two markets, confection and oil seeds. Oil seed varieties are used 
to produce sunflower oil that is stable at high cooking temperatures, high in vitamin E, and 
some varieties have also been bred to have low levels of saturated fat. Confection sunflowers 
are bred for their edible seeds and are an important part of the snack food market (Long 
2019). Sunflowers are also sometimes chopped to produce silage for animal feed. 
Modern sunflower (Helianthus annuus L.) hybrid seed production systems arose as a 
result of two significant events. The introduction of open-pollinated, high-oil cultivars from 
the USSR around 1960 proved useful as a viable source of cooking oil. The 1968 discovery 
of cytoplasmic male sterility (Leclercq 1969) and subsequent reports of fertility-restoring 
genes by others enabled relatively easy and inexpensive hybrid seed production utilizing the 
same biological systems as in corn (Zea mays L.) and grain sorghum (Sorghum bicolor (L.) 
Moench). The 1971 release of seven cytoplasmic male-sterile and two fertility-restorer inbred 
lines by the ARS, USDA and Texas Agricultural Experiment Station provided the source of 
basic seedstocks which became the foundation for the hybrid sunflower seed industry 
(Anfinrud 1997). 
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Hybrid Sunflower Seed Production 
Sunflower pollen is relatively large, heavy and sticky, and so wind pollination does 
not readily occur in sunflower. Hybrid sunflower seed production relies on the movement of 
pollen by insects to cross pollinate and fertilize the male-sterile female parent. Managed 
hives of the domestic honey bee (Apis mellifera) are relied on for the majority of pollination 
activity. This cross pollination is, in part, driven by the differential preferences of honey bees 
for nectar or pollen. Much of pollination is due to incidental contact and transfer as honey 
bees are seeking and feeding on nectar (Fell 1986).  
Production of hybrid seed consists of planting two inbred cultivars in adjacent rows in 
an alternating pattern of one or multiple male rows in between several female rows 
(Appendix A.1). One of the lines is a male sterile A line (female) and the other is a male 
fertile R line (male), providing the pollen needed for fertilization of the sterile female A line. 
Male rows are destroyed after flowering is complete to prevent harvesting of self-pollinated 
seed. The hybrid seed produced from the cross pollination is sold to growers and grown in 
commercial fields for food, feed and oil. Obtaining this cross pollination at a high enough 
level to generate a profitable amount of hybrid seed is the main challenge in hybrid 
sunflower seed production.  
Individual honey bees tend to prefer foraging on a single flower morphological type 
during a single trip and subsequent trips. Single bee forage trip switching refers to bees 
visiting different parental lines on the same foraging trip. Forage trip switching occurs at 
very low rates and differs between parents with similar morphology and parents with 
different morphology, 15% - 0%, respectively. Even highly similar parental lines are visited 
rarely by the same bee on the same foraging trip. It has been proposed that the majority of 
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pollen transfer occurs within the honey bee hive and at the hive entrance between individual 
bees that have been foraging on male fertile flowers and bees that have been foraging on 
male sterile flowers within the same field (Susic 2016). This is important to note because 
parents that are both equally attractive to pollinators will be visited at about the same 
frequency, facilitating  pollen exchange between bees at the hive to be subsequently carried 
to the male sterile parent. If one of the parental lines is not attractive to honey bees, then the 
majority of foraging will occur on only one parent and movement of pollen between parents 
will be reduced. 
Hybrid sunflowers have been bred to be self-fertile. It has been demonstrated that 
self-fertile hybrid sunflowers also benefit from pollinator activity. These benefits include 
increased yield, seed mass, increased germination and sometimes increased oil content 
(Tesfay 2010, Degrandi-Hoffman 2006, DeGrandi-Hoffman 2000, Krause 1981, Chamer 
2015, Palmer-Jones 1975). These results have also been confirmed for hybrid confection 
sunflowers with increased visitation from pollinators resulting in an increase in yield. 
Benefits were shown to vary across hybrids due to differences in their self-fertility and 
relative attractiveness to pollinators (Mallinger 2017b, Mallinger 2018). In self-fertile hybrid 
sunflowers, Hernandez (2008) demonstrated that as much as 30% of the capitulum area must 
be covered to minimize the development of incompletely developed seeds. 
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Flower Structure and Development 
A sunflower capitulum is composed of hundreds or thousands of individual florets. 
Each floret is a perfect flower possessing male and female organs. Fertilization of a single 
floret produces a single sunflower seed (Appendix A.4). When florets first open the male 
anthers emerge. On about the second day, the stigma pushes up from the base of the floret. 
Any pollen left on the anthers could contact the stigma resulting in self-pollination. In self-
fertile cultivars, self-pollination can result in seed set (Degrandi-Hoffman 2006). 
Immature sunflower plants exhibit heliotropism. Heliotropism is a dynamic form of 
phototropism in which aerial portions of the plant follow the movement of the sun throughout 
the day. During the night sunflowers reorient leaves and apices to face east prior to sunrise. 
The heliotropism mechanism in sunflowers has been shown to be the result of regulation of 
differentiated elongation on opposite sides of the stem. This heliotropism ceases as plants 
mature and stem elongation halts, marking the beginning of flowering. Mature plants remain 
with the flowering head facing east. Solar tracking behavior in young plants has been shown 
to increase vegetative biomass. Mature plants that remain in an east facing orientation have 
been shown to benefit from an increase in pollinator visitation, this is likely due to increased 
flower temperature in the morning from early sun exposure maximizing the interception of 
solar radiation (Atamian 2016). 
 It has been shown that the size of a developing capitulum is significantly influenced 
by the amount of irradiance intercepted by the plant during vegetative growth. Shading of 
plants prior to flower initiation reduces the size of the capitulum. A reduction in capitulum 
size increases competition between individual florets and limits their lateral growth, in turn 
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reducing seed size. Floret height is largely not affected by floret competition and remains 
relatively constant (Sinsawat 1993). 
 
Managed Honey Bee Pollination Services 
Managed honey bee colonies are routinely used in sunflower hybrid seed production. 
Domestic colonies of honey bees are used to ensure that there is a high enough flower 
visitation rate to generate the yield needed for profitable commercial production. Honey bees 
are easily managed, and hives are highly mobile, enabling the rapid deployment of 
pollination resources. This mobility is desirable as it allows for hives to be moved from field 
to field and across crops as flowering progresses and pollination services are required.  
There is much disagreement among studies as to the efficacy of honey bee pollination 
in sunflower compared to pollination by sunflower specialist and native bees. Much of the 
discrepancies arise from the context and focus of individual studies. Some studies focus on 
the benefits of pollinators in self-fertile hybrid fields where managed honey bee colonies are 
not brought in and native bees (Melissodes spp., Andrena spp.) dominate the populations 
(Mallinger 2018).  Rader (2009) demonstrated that several wild bee species provide similar 
visitation and pollen transfer rates as honey bees, but honey bees were more effective 
pollinators due to high populations from managed hives. Honey bees have also been shown 
to outperform wild bees in both visitation rates and single-visit contributions to seed set 
(Pisanty 2014). This is in contrast to Parker (1981), who found honey bees to be the least 
efficient pollinators of male sterile sunflowers because they rarely visited male fertile flowers 
and carried less pollen on their body hairs compared to native Melissodes. Regardless of 
which bee species or group is the most efficacious pollinator, most studies agree that both 
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managed honey bees and native bees do not directly compete for the same resources. 
Working together, wild and domestic bee groups provide superior pollination services 
(Sardiñas 2016, DeGrandi-Hoffman 2000). For example, Greenleaf (2006), found that 
behavioral interactions between wild and honey bees effectively doubled the honey bee 
pollination services on the average hybrid seed production sunflower field. Pollination 
services were enhanced by the wild bees essentially disturbing the foraging behaviors of 
honey bees and causing them to move between male sterile and male fertile blossoms more 
frequently. 
External factors such as pesticide use have also been shown to have a negative impact 
on pollinator visitation rates to sunflowers. Biweekly applications of carbamate insecticide 
and fungicide resulted in a 58% decline in honey bee visitation to treated sunflowers when 
compared to an untreated control (de Oliveira 2019). 
 Pollinator foraging distances have also been demonstrated to be positively correlated 
with body size and mass (Cariveau 2016). Foraging distances have an impact on hive 
placement and maximum field size to ensure pollinators have access to the entire area 
expected to be pollinated. 
 
Pollinator Attractiveness 
Many studies have attempted to describe the differential attractiveness of sunflower 
cultivars (du Toit 1991, Cerrutti 2016, Stejskalova 2018, Rinku 2017) and to classify the 
diversity and abundance of sunflower pollinators (Westphal 2008, du Toit 1992, Rinku 
2017). Shein (1980) demonstrated that there was differential attractiveness between 
genotypes and that the presence of pollen was not a factor. His results compared the 
visitation rates to both male sterile and male fertile inbreds. Corolla tube length and stigma 
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color together were shown to be negatively correlated with honey bee visitation rates. The 
study  could not determine if the reduced visitation rates were due to corolla length 
independent of stigma color or vice versa . A multi-year study examining nectar quantity and 
sugar content along with corolla length demonstrated that pollinator visitation rates were 
significantly impacted by these factors (Mallinger 2017a). The same study also reported that 
wild bees had a significant preference for male-fertile flowers while honey bees preferred 
male-sterile flowers. Sunflower pollen seemed not important for the honey bee likely due to 
the low protein content and insufficient levels of the essential amino acids methionine and 
tryptophan essential for honey bee development (Nicolson 2013). Other studies also support 
the findings that increased sunflower corolla lengths decrease pollinator visitation rates 
(Atlagic 2000). In a two-year study, Portlas (2018) demonstrated that floret lengths differed 
significantly between inbred lines and explained 52% of the variation in wild bee preference 
for inbred sunflower lines. Size matching of a pollinator proboscis length and nectar depth is 
intuitive and has been demonstrated across many pollinator and plant species (Stang 2009). If 
the nectar reward is inaccessible, then pollinators will not have incentive to visit the flower. 
 Significant differences in nectar sugar content between genotypes has been reported 
to have an influence on honey bee attractiveness. Prasifka (2018), highlights several studies 
that suggest nectar quality in the form of sugar concentrations and ratios of sucrose, fructose 
and glucose have been implicated in influencing pollinator choice. Zajacz (2008), reported 
that environmental conditions were also found to influence nectar sugar content and nectar 
quantity. Abundant precipitation during flowering caused a measurable increase in nectar 
quantity. It was also shown that excessively cool air temperatures had the effect of increasing 
nectar sugar content. 
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Objective of Study 
Sunflower nectar traits and disc flower corolla length are the two most important 
parameters of attractiveness to pollinators of sunflower (Joksimović 2003). The objective of 
this study was to examine the relationships between sunflower floret length and the visitation 
rates of pollinators, in an attempt to characterize inbred lines of sunflower and use floret 
length as a predictor of pollinator attractiveness.  
It has been observed that there is a range of pollinator attractiveness to the inbreds in 
our breeding program and plantings in hybrid seed production fields. Genotype is the largest 
contributor to phenotypic variability in corolla length (Joksimović 2003, Atlagic 2003). 
When an inbred is not well visited by pollinators it results in poor yields and increased costs 
to produce. It is important to characterize inbred parents for pollinator attractiveness so that 
they can either be avoided in the breeding pipeline or mitigation efforts be proactively 
implemented in hybrid seed production fields. Current methods of compensating for an 
unattractive parental line in a hybrid seed production field are increasing the ratio of male 
fertile to male sterile rows and increasing the honey bee hive density.  
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MATERIALS AND METHODS 
 This study was conducted in a small sunflower field located at the Corteva™ 
Agriscience research facility in Woodland, CA from June 18th to July 2nd, 2019. Woodland is 
located within Yolo County in California’s Sacramento Valley. Yolo County is an 
intensively-farmed agricultural region that contains a mixture of conventionally managed 
row and orchard crops. Almonds, tomatoes, wine grapes, rice and registered organic 
production (row crops, produce and rangeland) are the top five commodities according to 
gross value. Alfalfa hay, walnuts, sunflower seed, nursery products, and cattle are the top ten 
commodities for 2018. In 2018, 63,012 hectares of sunflower seed crop was harvested (Yolo 
County Weights and Measures, Crop Statistics). Ninety percent of the hybrid sunflower seed 
produced in North America originates in the Sacramento valley with Yolo county producing 
41% of the certified hybrid sunflower seed (Long 2019). 
Honey bee and wild bee visitation rates were observed across a pool of unique 
sunflower inbred lines within our current breeding and commercial pipeline. Florets from the 
same lines were also collected, photographed and measured using proprietary photometry 
methods. Floret length was compared to pollinator visitation rates on an inbred basis. It was 
hypothesized that the majority of variability in pollinator visitation rates would be explained 
by floret length, with pollinators preferring a shorter floret length. This study characterizes 
pollinator attractiveness and floret lengths for the current pool of inbreds in our breeding and 
commercial pipeline. 
 Eighty-seven male fertile inbred lines and 71 male sterile inbred lines were planted in 
single row plots at a population density of 59,305 plants per hectare. Two 5.3m long plots 
were planted side by side on 152cm raised beds. Spacing between rows was 76cm and a 
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76cm fallow alley was maintained to separate plots along the rows. Each inbred line 
represents a unique genotype. Data were not collected on 8 male fertile lines and 12 male 
sterile lines because seed was not received in time for planting or plot quality was poor. 
Irrigation was provided via subsurface drip. Male fertile and male sterile entries were 
blocked separately. A robust male fertile inbred was used as border around the plots and to 
replace missing entries to draw in pollinators and shield the plots from wind. Two healthy 
half size bee hives were placed at the northwest and southwest end of the study field. Excess 
bees were placed at the study field to saturate the area and increase visitation rates to enable a 
decrease in observation time (Fijen 2017). Normal bee hive density in a hybrid sunflower 
production field is 3.7 hives per hectare. The study field had the equivalent of 6.4 hives per 
hectare. The field surroundings consisted of an industrial area of research and seed 
production facilities to the north and agricultural fields of corn, tomatoes, sunflower, nut 
trees and fallow areas to the east, south and west (Appendix A.2, A.3). 
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Figure 1. Field plot layout and orientation. Male fertile lines are in the west (green) block, 
male sterile lines are in the east (orange) block. Gray represents border rows. Blue boxes 
represent the approximate locations of bee hives. Each number represents a single row plot, 
5.3 meters long, north to south. Each plot is separated by a 76cm fallow alley north to south 
(range). Each plot is separated east to west by 76 cm row spacing. Each pair of plots (rows), 
represent a 152cm raised bed. 
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 Honey bee activity data were collected each morning between approximately 8 am 
and 12 pm depending on temperature. Bee activity has been shown to be greatest in the pre-
noon hours and peaks again in the evening (Krause 1981). Honey bee activity commenced 
each morning earlier than data collection was initiated. Collection of bee visit data was 
delayed until morning temperatures reached 21 0C to ensure a significant level of activity was 
reached so as to ensure homogeneity throughout the data gathering time period. This 
relationship of morning temperatures and commencement of bee activity has been 
demonstrated in several studies (Krause 1981, Fijen 2017, Puskadija 2007). 
 Preliminary observations of pollinator activity in the field to be studied were used to 
determine the number of flowers observed and the length of observation. To obtain accurate 
visitation rate estimates, a sufficient number of pollinators must be observed. Fijen (2017) 
reported a strong negative relationship between observation duration and visitation rates, as 
observation duration decreased with increased visitation rates (R2 = 0.85, p <0.01). Based on 
pollinator activity in the field of this study, visitation rate was determined by recording all 
bees that visited three selected capitula per parental line over a time period of two minutes. 
 Pollinator visitation observations in each plot began when three representative 
capitula reached R5.2 flowering stage, where 20% of the florets were at flowering stage 
(Schneiter 1981). Observations occurred once per day and continued for five consecutive 
days on representative capitula or until flowering reached R5.9, whichever occurred soonest. 
For branched male fertile lines, visitation data were collected beginning on the main 
capitulum and continuing on to an axillary capitulum if the main capitulum exceeded R5.9 
during the five-day observation period.  
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Each significant visit to three representative capitula over two minutes by either a 
wild bee or a honey bee was recorded. A significant visit consisted of meaningful contact 
with flowering organs. Bees that contacted flowering organs for less than two seconds were 
not recorded. Bees that briefly left a flower to hover and reposition were recorded as a single 
visit, however if the same bee left one observed flower after a significant visit to visit another 
observed flower within the observation time it was considered two unique visits. Bees that 
remained on ray florets or other non-flowering areas were not counted. 
Observations began each day at an entry chosen by a random number generator and 
continued sequentially. Starting observations alternated each day between male sterile and 
male fertile blocks. A general linear mixed model was constructed and predicted mean values 
for bee visits for each genotype were generated (Table A.1, Table A.2). The model used is: 
Yijk =  + Fi + Gj + Dk + Ɛijk 
 
Yijk = bee visitation rate of the ith floret length on the jth genotype on the kth 
collection date 
 = overall mean 
Fi = the effect of the ith floret length, a random effect 
Gj = the effect of the jth genotype, a fixed effect 
Dk = the effect of the kth collection date, a random effect  
Ɛijk = residual variation, a random effect 
 
In addition to bee visitation and floret measurement data discussed below, data were 
collected on the following traits for each line: flowering start date, 50% flowering date, last 
flowering date, and plant height. 
 Three representative capitula at stage R5.9-R6 were removed from each plot, tagged 
with identification and transported into the lab in mesh harvest bags. Florets were removed 
from an approximately 3 cm diameter area located equidistant from the center and edge of 
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each sunflower capitulum (Appendix A.5). Under normal growing conditions at anthesis 
there is not a significant difference in floret height between the outer and inner positions 
(Sinsawat 1993). Florets were removed from the capitulum and imaged within 48 hours of 
harvesting the capitulum from the plant. Florets removed from the capitulum quickly 
desiccated and deteriorated within hours but remained fresh and viable if left attached to the 
capitulum for up to 48 hours at room temperature.  
Floret samples were imaged immediately after removal from the capitulum to avoid 
desiccation and the resulting size shrinkage. The number of florets sampled varied for each 
genotype (Table A.1, Table A.2). For each plot, floret samples were removed from each of 
three capitula (Appendix A.5), combined, sifted to remove debris (Appendix A.6), and 
placed within the outlined focal area on a blue foam board in preparation for imaging 
(Appendix A.7). Florets were arranged to minimize touching and overlap in order to facilitate 
image processing following image capture. Imaging took place within a proprietary fixed 
camera photometry box using a Canon EOS Rebel T2i camera and proprietary image capture 
software. The fixed camera setup allows for the use of a single calibration factor to convert 
pixels to length measurements in millimeters.  
 Floret images were processed using proprietary software. Each floret in an image was 
identified and annotated with a unique number. Output files consisted of the length 
measurement, in number of pixels, of each individual floret. Floret measurement data were 
analyzed to remove incorrectly measured florets. Incorrect measurements occur occasionally 
when florets are grouped together or unnecessarily split by the image processing software 
(Appendix A.8). Floret length measurements were converted from number of pixels to 
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millimeters. R package lsmeans (Lenth 2016) was used to generate least squares mean values 
for floret lengths by genotype (Table A.1, Table A.2). 
 Bee visitation data and floret measurements were analyzed using JMP v14.2.0 (JMP), 
R v3.5.1 (R Core Team 2018), R package lme4 (Bates 2015), R package lsmeans (Lenth 
2016) and R package predictmeans (Luo 2018). To protect Corteva™ Agriscience 
intellectual property, inbred lines were identified by random alphanumeric characters in place 
of actual inbred codes. 
16 
RESULTS 
Bee Visitation Rates 
 Bee visitation rate observations (n = 689) were converted to visits per minute and 
exhibit a significant skewness to the right (Appendix A.9). The visitation data were analyzed 
using ANOVA to identify factors that significantly contributed to the variability in bee 
visitation rates. Floret length (p-value = 0.0049), genotype (p-value = 1.092e-13) and 
observation date (p-value = 1.697e-10) were significant factors accounting for the variability 
in bee visits (Table 1). Given these results, the null hypothesis that no difference in floret 
length and pollinator attractiveness among inbreds is rejected. This is consistent with 
previous studies that have confirmed cultivar flowering date does not have a significant 
influence on the level of attractiveness for honey bees and that cultivar genotype is a 
significant factor in the level of attractiveness for honey bees (Cerrutti 2016, Sapir 2009).  A 
Tukey-Kramer comparison of mean bee visitation rates revealed significant differences in 
bee visitation rates across collection dates (Table 2) and genotypes (Table A.1, Table A.2). 
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Table 1. ANOVA of effect of floret length (p-value = 0.0049), genotype (p-value = 1.092e-
13) and observation date (p-value = 1.697e-10) on bee visitation rate (Num visits/min). 
 Df Sum Sq Mean Sq F value Pr(>F) 
Floret Length 1 7.10 7.0993 7.9997 0.004855 
Genotype 136 302.05 2.2210 2.5026 1.092e-13 
Observation Date 14 71.43 5.1022 5.7493 1.697e-10 
Residuals 532 472.12 0.8874   
 
 
 
Table 2. Collection dates, times, weather conditions and mean bee visitation rates. Means 
not connected by the same letter are significantly different (α = 0.05). 
 
Date 
Time 
Start 
Temp 
0C 
Start 
Time 
End 
Temp 
0C 
End 
Observations 
Mean Bee 
Visits/Min 
6/18/2019 8:50 27 10:40 30 Moderate light breeze, sunny 2.17a 
6/19/2019 8:00 21 10:50 28 Very light breeze, sunny 1.08bcd 
6/20/2019 10:45 24 2:15 29 Very light breeze, sunny 0.98bcd 
6/21/2019 8:22 22 11:55 28 Strong winds, sunny 0.88cd 
6/22/2019 8:55 24 12:10 30 Strong winds, sunny 0.66d 
6/23/2019 8:45 22 11:40 29 Very light breeze, sunny 1.36bc 
6/24/2019 8:50 22 11:25 28 Very light breeze, sunny 1.46abc 
6/25/2019 8:33 21 11:00 28 Very light breeze, mostly sunny 1.60ab 
6/26/2019 9:15 22 11:20 26 Very light breeze, sunny 1.44abc 
6/27/2019 10:10 22 12:00 24 Very light breeze, mostly cloudy 1.27bcd 
6/28/2019 9:20 22 10:42 25 Very light breeze, sunny 1.68ab 
6/29/2019 9:50 23 10:50 26 Very light breeze, mostly sunny 1.71abc 
6/30/2019 9:40 24 10:20 26 Very light breeze, sunny 1.27abcd 
7/1/2019 9:45 22 10:05 23 Very light breeze, sunny 1.92abcd 
7/2/2019 9:15 21 9:30 22 Very light breeze, sunny 1.63abcd 
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Floret Lengths 
 Floret length is much easier to measure than functional corolla depth and has been 
shown to be highly correlated (R2 = 0.78) to corolla depth (Portlas 2018). For this study 
floret length will be used as a proxy for corolla length. Floret length observations (n = 19994) 
(Table A.1, Table A.2) show a nearly normal distribution with very slight skewness to the 
right (Appendix A.10). Floret length observations were analyzed using ANOVA to test the 
null hypothesis that there is no difference in floret length across genotypes. It was found that 
genotype contributes significantly (p-value = 2.2e-16) to the variability in floret length 
(Table 3). Given this, the null hypothesis that there is no difference in floret length across 
genotypes is rejected. A Tukey-Kramer comparison of mean floret lengths revealed 
significant differences in floret lengths across genotypes (Table A.1, Table A.2). 
 
Table 3. ANOVA of genotype effect (p-value = 2.2e-16) on floret length (mm). 
 Df Sum Sq Mean Sq F value Pr(>F) 
Genotype 137 4711.6 34.391 239.66 <2.2e-16 
Residual 19856 2849.3 0.143   
 
 
Floret Lengths and Bee Visitation Rates 
 A regression of bee visitation rates onto floret lengths (Table A.1, Table A.2) reveals 
little correlation between the two factors, R2 = 0.025 (Figure 2). Correlation slightly 
improves for male sterile genotypes alone R2 = 0.058 (Figure 3) but declines for male fertile 
genotypes alone R2 = 0.002 (Figure 4). For both male fertile and male sterile genotypes, 
floret length would not be a good predictor of bee visitation rates, accounting for zero (Figure 
4) and 6% (Figure 3) of the variability, respectively. Although the correlations are weak, the 
negative trend in bee visitation rates is expected as floret length increases. The slightly 
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positive trend seen in the male fertile genotypes is likely due to the extremely poor 
correlation and floret length having little influence on bee visitation rates. 
 
 
Figure 2. Regression of bee visitation rates onto floret length for n = 138 male fertile and 
male sterile inbred lines. 
y = -0.207x +2.73; R2 = 0.025 
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Figure 3. Regression of bee visitation rates onto floret length for n = 59 male sterile inbred 
lines. 
 
 
Figure 4. Regression of bee visitation rates onto floret length for n = 79  male fertile inbred 
lines. 
y = -0.371x +4.09; R2 = 0.058 
y = 0.037x +0.86 ; R2 = 0.002 
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DISCUSSION 
Most previous studies focused on self-fertile hybrid fields where the majority of the 
populations were wild bees. In contrast to other studies (Parker 1981, Mallinger 2017a, 
Mallinger 2018) honey bees accounted for the majority of pollinators present in this study. 
This was a result of the saturation of the study with honey bee hives. There was still a 
surprising abundance of wild bees (Melissodes spp.) present within this field of study. Their 
abundance was likely due to the large amount of sunflower and other flowering crop 
cultivation coupled with many field edges and natural habitats suitable for ground nesting 
native bees (Saez 2012). Studies performed within the same general area as the current study 
(Yolo county, CA) observed native ground nesting bees in a variety of habitats including 
within the sunflower crop fields and at field edges with populations and nesting sites being 
most abundant at field edges (Sardiñas 2016, Sardiñas 2015). 
 Bee visitation data exhibited significant variability due to both genotype (Table A.1, 
Table A.2), floret length and observation date (Table 2). Similar findings have been reported 
in other studies. Genotype has been reported to be a significant source of variability in bee 
visitation rates in both hybrid (Portlas 2018, Rinku 2017, du Toit 1988, Krause 1981) and 
inbred sunflowers (Shein 1980, Mallinger 2017a). Environmental conditions that would vary 
by observation dates such as temperature (Tesfay 2010) and wind speed (Fijen 2017) have 
been identified as factors that significantly influence bee foraging activity.  
During this study, three dates, June 18, 21 and 22, had mean visitation rates that 
varied significantly from all other observation dates (Table 2). The observation date of June 
18th, the first date of bee observation, had the highest mean observation rate of 2.17 bees/min. 
This high observation rate was likely due to the recent movement of the bee hives to the 
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study field. One of the hives was moved to the study field more than 24 hours before the first 
observation date, the other hive was moved to the study field in the evening before the first 
date of observation. The recent movement of the hives likely had the bees unsettled and 
forced them to increase scouting and foraging activities in an effort to establish the most 
efficient and productive foraging routes and targets (Delaplane 2013). The other two dates, 
June 21st and 22nd, had mean bee visitation rates (0.88 and 0.66, respectively) that were 
significantly lower than the remaining observation dates. The low visitation rates on these 
dates were likely due to windy conditions (Table 2). Winds were mostly blocked by the large 
building structures directly adjacent to the field but still had a significant impact on honey 
bee foraging activities. 
Curiously, line type (male fertile or male sterile) did not contribute significantly to the 
variability in bee visitation rates. This is likely due to the method used to collect the bee 
visitation data. A single male fertile plant consists of many branches with functional capitula 
that contribute to the reproductive surface area presented in addition to the primary 
capitulum. In contrast, a male sterile plant does not have branches and presents a single 
primary capitulum. With its many branches, a male fertile plant will also flower over a 
duration two to three times longer than a male sterile plant. Given the branched structure of 
male fertile plants, it was not feasible to count all bee visitors to flowering capitula on 
branches, hence only visitors to the main capitulum were counted. Bee visits to a branch 
were only counted if the primary capitulum completed flowering during the observation time. 
Essentially, only a small portion of the reproductive surface and flowering duration for a 
male fertile plant was assessed compared to the entire reproductive area and majority of 
flowering duration for a male sterile plant. This morphological difference coupled with the 
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data collection method is likely a significant source of error and does not allow for a direct 
comparison of bee visitation rates between male fertile and male sterile genotypes. Therefore, 
male sterile and male fertile genotypes were separated and evaluated independently (Table 
A.1, Table A.2). 
Bee visitation rates for male fertile genotypes (n = 79, mean = 1.12, sd = 0.47) were 
less variable than male sterile genotypes (n = 59, mean = 1.62, sd = 0.74). It is likely that true 
visitation rates to male fertile genotypes was not meaningfully assessed by this study. Due to 
the branched, multi-capitula nature of male fertile plants, actual visitation rates are likely 
much higher than observed. This fits well with observations in hybrid seed production fields 
where male fertile lines have not experienced issues with poor pollinator visitation rates.  
Male sterile lines have been observed to have a much wider range of desirability for 
pollinators. Through hybrid seed production experiences two male sterile lines, FFY31A and 
BYW67A, have demonstrated poor pollinator attractivity. The pollinator visitation data 
collected in this study supports those observations. FFY31A had the lowest predicted mean 
visitation rate (0.33 bees/min) among all male sterile lines. BYW67A at a predicted mean 
visitation rate of 1.09 bees/min, ranked in the bottom 20% of male sterile lines (Table A.1). 
Floret measurement via photometry methods proved to be a viable and robust 
measurement method. The sheer number of florets that were measured (19,994) far 
outnumbers any known study to date. The number of florets measured for each genotype 
ranged from 63 to 237. The large volume of florets measured provides the ability to generate 
a very precise and accurate estimate of floret length for each genotype. 
The poor correlation of floret length and bee visitation rates indicate that for the 
group of inbreds studied, floret length is not a useful factor for predicting pollinator 
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visitation. Studies that show a significantly greater relationship between floret length and 
pollinator visitation indicate that longer florets present a physical barrier to a pollinator 
reaching the nectar reward (Portlas 2018, Mallinger 2017a). The pollinator proboscis is not 
long enough to extend to the nectar at the bottom of the corolla tube. In this study mean floret 
length ranges from 5.6mm to 8.4mm. The corolla tube that must be spanned by a pollinator 
proboscis represents approximately 70% of the entire floret length. Given that the mean 
functional length of the honey bee proboscis is approximately 7.0mm (Waddington 1987), 
the floret lengths observed in this study would not pose a physical barrier to pollinator 
foraging activities. 
Studies that have found a significant negative correlation between floret length and 
pollinator visitation rates used genotypes that have longer floret lengths that would pose a 
physical barrier to honey bee foraging activities. In addition, several studies focus mainly on 
wild bee visitation rates (Portlas 2018). Wild bee pollinators of sunflower, with the exception 
of the rare bumble bee, are smaller in body size than the honey bee. Bee body size is a 
reliable indicator of functional proboscis length (Cariveau 2016). Wild bees, with shorter 
proboscis, would be more sensitive to floret lengths as a barrier to foraging activities. 
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CONCLUSION 
This study successfully measured floret lengths for all genotypes sampled. In 
characterizing bee visitation rates, this study was successful for male sterile genotypes. Male 
fertile genotypes presented a unique challenge for properly measuring bee visitation rates and 
will require a change in protocol for future assessments. It is likely that future studies will 
focus on male sterile genotypes because that is where issues with poor pollinator visitation 
have been observed both in this study and in hybrid seed production fields. Bee visitation 
data for male sterile genotypes from this study will be used to rank the inbreds studied in 
order of relative pollinator attractiveness. Inbreds with demonstrated poor pollinator 
attractivity in hybrid seed production fields, such as FFY31A and BYW67A mentioned 
above, can be used as benchmarks for pollinator visitation rates of an inbred. Inbreds that 
rank near or below benchmarks will likely have low rates of pollinator visitation. Efforts to 
mitigate the effects of poor pollinator visitation rates can then be implemented proactively to 
help ensure profitable hybrid seed production yields. This dataset also provides a good 
foundation for male sterile genotypes to build on with multiyear observations. 
 The objective of this study was to identify a simple and reliable method for 
determining pollinator attractiveness in sunflower inbreds by measuring floret length. In an 
effort to narrow the scope of this study the important nectar traits were ignored. Given the 
weak association found between pollinator visitation rates and floret length, other 
characteristics including visual cues, nectar quality and nectar quantity should be examined 
in future studies. 
 Many studies have also focused on pollinator attractiveness and the association with 
nectar quantity and quality. Future efforts to characterize inbreds for pollinator attractiveness 
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should include examining nectar quality using NIR analysis or microcapillary tubes and a 
refractometer to assess sugar concentration (Human 2013, Zajacz 2011). Multiyear data will 
be needed as nectar characteristics are greatly affected by environmental conditions. The 
high environmental variability and the labor-intensive nature of nectar collection and 
assessment raise concerns as to whether it is a practical option for large scale use. 
 Another promising avenue to pursue would be phenotyping sunflower lines for their 
ultraviolet (UV) floral patterning in conjunction with pollinator visitation rates to see if the 
UV floral pattern plays a significant role in pollinator attractiveness (Moyers 2017). Floral 
displays often include UV absorbing pigmentation patterns as nectar guides for pollinators, 
commonly referred to as the UV bullseye. Phenotyping for the relative size of the UV 
bullseye would be relatively inexpensive, easy to measure and adaptable for large scale use.  
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APPENDIX A.     
 
Figure A.1 This figure illustrates the alternating row pattern of a sunflower hybrid seed 
production field. Male fertile rows have begun to flower while male sterile rows are a couple 
days behind, this is done on purpose to help ensure purity. 
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Figure A.2 Field of study looking towards the southwest. Hive placement and subsurface 
drip irrigation is shown as well as the robust male fertile border planted as a windbreak. 
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Figure A.3 Field of study looking towards the north with production plant in background. 
Hive placement is shown as well as the robust male fertile border planted as a windbreak. 
The immediate foreground and field to the right is fallow, the field to the left is immature 
sunflower. 
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Figure A.4 This figure illustrates the basic sunflower reproductive organs. Florets were 
removed from the sepals and immature seeds for imaging. 
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Figure A.5 Sunflower capitulum that has had a floret sample removed. The center and edges 
of the capitulum are avoided to ensure a uniform floret sample. Note the white sepals that 
must be removed from the sample prior to imaging. Ray petals are removed for picture 
clarity. 
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Figure A.6 Method of sifting florets to remove debris and sepals. This process is necessary 
to provide the best possible image for processing. Foreign debris in the image can cause 
excessive errors and complicate floret measurements. 
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Figure A.7 Arrangement of florets in preparation for imaging. Florets are arranged within 
the focal area to minimize overlap and touching. The blue background provides contrast for 
better discrimination of the florets. 
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Figure A.8 Portion of a processed image with florets annotated with measurement boxes in 
red. Floret numbers #141, 162, 173 and 176 are correctly identified and measured. The 
floret represented by #142 and 134 has been unnecessarily split by the software. Florets 
represented by #131 could not be distinguished as separate by the software due to excessive 
overlap. Erroneous measurements were removed from the dataset. 
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Figure A.9 Distribution and summary statistics for bee visitation data. 
 
 
Figure A.10 Distribution and summary statistics for floret length data. 
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Table A.1 Mean bee visitation rates and floret lengths for male sterile (A line) genotypes. 
Mean bee visitation rates not connected by the same letter are significantly different (α = 
0.05). Mean floret lengths not connected by the same letter are significantly different (α = 
0.05). 
Coded 
Inbred 
Name 
Material 
Type 
Mean Bee 
Visits/Min 
Bee 
Visits/Min 
SE 
Floret Length 
Least Squares 
Mean 
Number of 
Florets 
Measured 
Floret 
Length 
SE 
RWK68A ALine 1.614abc 1.053 8.039a 134 0.033 
EYG23A ALine 0.436c 1.056 7.685b 137 0.032 
LLD98A ALine 1.706abc 1.054 7.619bc 105 0.037 
WRS65A ALine 1.885abc 1.076 7.492bc 111 0.036 
WAC73A ALine 1.106bc 1.054 7.431c 148 0.031 
FFY31A ALine 0.332c 1.053 7.428c 197 0.027 
PIX75A ALine 1.822abc 1.054 7.216d 108 0.036 
DZK74A ALine 1.342abc 1.053 7.207d 165 0.029 
HVZ27A ALine 1.322bc 1.054 7.202d 128 0.033 
VPF62A ALine 1.122bc 1.053 7.100de 153 0.031 
TSQ13A ALine 0.806bc 1.054 6.953ef 157 0.030 
UJD32A ALine 1.768abc 1.055 6.944ef 135 0.033 
BIV25A ALine 1.214bc 1.053 6.935ef 125 0.034 
CMK26A ALine 1.432abc 1.053 6.919ef 153 0.031 
DZS91A ALine 0.803bc 1.054 6.919ef 123 0.034 
LAG28A ALine 2.051abc 1.054 6.904fg 135 0.033 
QWU25A ALine 0.614c 1.053 6.901fg 145 0.031 
BYW67A ALine 1.086bc 1.054 6.869fgh 154 0.031 
LSY65A ALine 2.006abc 1.054 6.862fghi 142 0.032 
WUF85A ALine 0.651c 1.054 6.841fghi 161 0.030 
VRA41A ALine 1.942abc 1.053 6.803fghij 165 0.029 
NTV82A ALine 0.532c 1.053 6.792fghij 125 0.034 
IYC78A ALine 3.403ab 1.054 6.780fghij 150 0.031 
OHQ24A ALine 2.532abc 1.053 6.722ghijk 177 0.028 
DTN87A ALine 1.142bc 1.053 6.715ghijk 157 0.030 
CGB53A ALine 2.132abc 1.053 6.710hijkl 147 0.031 
AKR96A ALine 1.786abc 1.054 6.708hijkl 148 0.031 
ZYD54A ALine 2.010abc 1.076 6.692hijklm 144 0.032 
YBB22A ALine 2.014abc 1.053 6.686ijklm 171 0.029 
TYU78A ALine 1.351bc 1.054 6.676ijklmn 151 0.031 
HEJ85A ALine 1.103bc 1.054 6.625jklmno 165 0.029 
RRX24A ALine 2.106abc 1.054 6.612jklmnop 110 0.036 
LOC83A ALine 1.151bc 1.054 6.559klmnopq 138 0.032 
ONV49A ALine 0.906bc 1.054 6.527lmnopq 165 0.029 
OXA84A ALine 1.442abc 1.053 6.519mnopqr 168 0.029 
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WAS92A ALine 2.122abc 1.053 6.480opqrs 150 0.031 
QBS17A ALine 1.568abc 1.055 6.480nopqrs 117 0.035 
BXM45A ALine 4.086a 1.054 6.472opqrs 140 0.032 
THN57A ALine 1.806abc 1.054 6.451pqrs 199 0.027 
KYQ25A ALine 1.727abc 1.079 6.451pqrs 203 0.027 
BQV43A ALine 2.736abc 1.056 6.429pqrs 170 0.029 
TBD62A ALine 1.314bc 1.053 6.428pqrs 151 0.031 
TUM83A ALine 1.760abc 1.076 6.386qrst 149 0.031 
IVJ18A ALine 2.322abc 1.053 6.344rstu 153 0.031 
CIT96A ALine 2.332abc 1.053 6.341rstu 166 0.029 
KAI57A ALine 1.222bc 1.053 6.308stuv 152 0.031 
JBZ18A ALine 1.251bc 1.054 6.293stuvw 143 0.032 
PCO15A ALine 2.514abc 1.053 6.236tuvwx 167 0.029 
UAQ80A ALine 1.103bc 1.054 6.203uvwx 217 0.026 
ERP99A ALine 2.006abc 1.054 6.150vwxy 143 0.032 
KCX82A ALine 2.432abc 1.053 6.118wxy 159 0.030 
KBX25A ALine 0.686bc 1.054 6.063xyz 161 0.030 
VAT81A ALine 1.232bc 1.053 6.022yza1 193 0.027 
TCI78A ALine 3.222abc 1.053 6.009yza1 159 0.030 
AGJ43A ALine 2.222abc 1.054 5.991yza1 143 0.032 
FND83A ALine 0.406c 1.054 5.990yza1 186 0.028 
LIF38A ALine 1.642abc 1.053 5.915za1b1 188 0.028 
QES82A ALine 1.714abc 1.053 5.876a1b1 165 0.029 
CVE32A ALine 1.622abc 1.054 5.751b1 133 0.033 
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Table A.2 Mean bee visitation and floret lengths for male fertile (R line) genotypes. Mean 
bee visitation rates not connected by the same letter are significantly different (α = 0.05). 
Mean floret lengths not connected by the same letter are significantly different (α = 0.05). 
Coded 
Inbred 
Name 
Material 
Type 
Mean Bee 
Visits/Min 
Bee 
Visits/Min 
SE 
Floret Length Least 
Squares Mean 
Number 
of Florets 
Measured 
Floret 
Length 
SE 
GNL28R RLine 1.032a 1.053 8.384a 138 0.032 
NZS93R RLine 0.514a 1.053 8.070b 110 0.036 
DXS35R RLine 1.142a 1.053 8.053b 136 0.032 
VBY50R RLine 1.222a 1.054 7.755c 138 0.032 
RSS73R RLine 0.322a 1.054 7.636cd 127 0.034 
GYE24R RLine 1.136a 1.056 7.535de 91 0.040 
KMF58R RLine 1.422a 1.054 7.521de 138 0.032 
EAB94R RLine 1.614a 1.053 7.438ef 112 0.036 
ZHA47R RLine 1.806a 1.054 7.402efg 143 0.032 
QIZ70R RLine 1.022a 1.054 7.300fgh 126 0.034 
EEO31R RLine 1.122a 1.053 7.395efg 121 0.034 
DDK10R RLine 1.251a 1.054 7.356efg 92 0.039 
SXP24R RLine 1.942a 1.053 7.250ghi 206 0.026 
TWX20R RLine 0.822a 1.053 7.156hij 188 0.028 
MAH31R RLine 1.042a 1.053 7.117ij 160 0.030 
XHT22R RLine 0.614a 1.053 7.096ijk 122 0.034 
OBY39R RLine 1.042a 1.053 7.089ijk 146 0.031 
YOZ48R RLine 2.042a 1.053 7.071jkl 122 0.034 
BVK11R RLine 1.106a 1.054 7.045jkl 133 0.033 
QXA84R RLine 1.451a 1.054 7.036jklm 135 0.033 
ZJX52R RLine 1.042a 1.053 7.025jklmn 132 0.033 
OWC13R RLine 0.432a 1.053 7.007jklmno 172 0.029 
GWZ67R RLine 1.622a 1.054 7.001jklmnop 141 0.032 
EKB70R RLine 0.614a 1.053 6.998jklmnop 151 0.031 
BYT14R RLine 0.851a 1.054 6.984jklmnopq 129 0.033 
LPC59R RLine 0.906a 1.054 6.981jklmnopqr 105 0.037 
XDH97R RLine 1.322a 1.053 6.978jklmnopqr 118 0.035 
XYT65R RLine 1.051a 1.054 6.974jklmnopqrs 63 0.048 
CEI58R RLine 0.951a 1.054 6.927klmnopqrs 150 0.031 
GPB14R RLine 1.642a 1.053 6.925klmnopqrs 155 0.030 
FBD47R RLine 1.151a 1.054 6.916lmnopqrs 174 0.029 
TSZ96R RLine 1.151a 1.054 6.907klmnopqrst 132 0.033 
MDI53R RLine 0.706a 1.054 6.800rstuv 165 0.029 
KWS25R RLine 0.714a 1.053 6.850nopqrstu 145 0.031 
KDW25R RLine 2.022a 1.054 6.847mnopqrstu 118 0.035 
JLA96R RLine 0.642a 1.053 6.843nopqrstu 139 0.032 
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TLO74R RLine 1.614a 1.053 6.842nopqrstu 139 0.032 
KYA72R RLine 0.722a 1.054 6.837nopqrstuv 109 0.036 
LWN86R RLine 0.742a 1.053 6.823opqrstuv 111 0.036 
JCV24R RLine 0.451a 1.054 6.818pqrstuv 104 0.037 
IOH23R RLine 1.814a 1.053 6.815qrstuv 152 0.031 
QQK76R RLine 1.542a 1.053 6.815qrstuv 175 0.029 
GTK99R RLine 2.614a 1.053 6.778stuvw 128 0.033 
KJW25R RLine 1.606a 1.054 6.746tuvwx 152 0.031 
YLQ18R RLine 0.822a 1.053 6.744tuvwx 163 0.030 
DNP21R RLine 1.622a 1.053 6.736tuvwxy 142 0.032 
WQA39R RLine 1.522a 1.053 6.600wxyza1b1c1 159 0.030 
GFW66R RLine 0.806a 1.054 6.688uvwxyz 193 0.027 
WWM32R RLine 0.822a 1.054 6.683uvwxyza1 151 0.031 
MHZ81R RLine 0.686a 1.054 6.682uvwxyz 181 0.028 
UUC13R RLine 1.422a 1.054 6.652vwxyza1b1 146 0.031 
GXR19R RLine 0.622a 1.054 6.593xyza1b1c1 158 0.030 
SQD52R RLine 0.951a 1.054 6.564xyza1b1c1 120 0.035 
ASM14R RLine 0.732a 1.053 6.546za1b1c1 130 0.033 
JSN12R RLine 0.703a 1.054 6.542za1b1c1 145 0.031 
KKS19R RLine 0.422a 1.054 6.536za1b1c1d1 121 0.034 
FSK89R RLine 0.522a 1.054 6.520yza1b1c1d1e1f1 68 0.046 
YUP79R RLine 0.551a 1.054 6.526za1b1c1d1e1 127 0.034 
LBV51R RLine 1.722a 1.054 6.506a1b1c1d1e1 140 0.032 
APQ90R RLine 2.122a 1.054 6.499a1b1c1d1e1 114 0.035 
UJI95R RLine 0.822a 1.054 6.484b1c1d1e1f1 130 0.033 
DBI71R RLine 0.751a 1.054 6.464c1d1e1f1 150 0.031 
PFP36R RLine 0.822a 1.053 6.455c1d1e1f1 125 0.034 
OQN23R RLine 1.822a 1.054 6.447c1d1e1f1 136 0.032 
PLB95R RLine 1.742a 1.053 6.427c1d1e1f1g1 123 0.034 
XFV48R RLine 0.822a 1.054 6.368d1e1f1g1h1 183 0.028 
MOD58R RLine 1.022a 1.054 6.365d1e1f1g1h1 157 0.030 
LVS18R RLine 1.122a 1.054 6.350e1f1g1h1 152 0.031 
QXU68R RLine 1.051a 1.054 6.340e1f1g1h1i1 131 0.033 
DYK39R RLine 1.022a 1.053 6.315f1g1h1i1 175 0.029 
TVJ64R RLine 1.222a 1.054 6.260g1h1i1j1 142 0.032 
FZL63R RLine 1.722a 1.054 6.210h1i1j1 166 0.029 
CGW68R RLine 1.451a 1.054 6.211h1i1j1 122 0.034 
MFE83R RLine 0.651a 1.054 6.174i1j1k1 148 0.031 
XHI89R RLine 0.951a 1.054 6.068j1k1l1 101 0.038 
VOZ66R RLine 0.642a 1.053 6.031k1l1 237 0.025 
NGF88R RLine 1.132a 1.053 5.980l1m1 139 0.032 
VSF68R RLine 0.720a 1.111 5.813m1 144 0.032 
LBL30R RLine 1.122a 1.054 5.615n1 128 0.033 
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